RESEARCH LETTERS 



Rl*k factor 



Cases 



Controls 



>X intimate kissing contact 
Shared a bedroom with >1 person 
Regular smoker 

>l Mend or relative who smokes 
Parental home ownership 
PeeceOlnfi ilfncss 



3/25 (12%) 
14/25 (56%) 

8/25 (32%) 
17/24 (71%) 
18/23 (78%) 
10/20 (50%) 



2/12 (17%) 
5/12 (42%) 
3/12 (25%) 
7/12 (53%) 
8/12 (67%) 
5/10 (50%) 



Protective efficacy of MCCV 

94% " 

94% 

96% 

94% 

95% 

92% 



♦Contiola from rUK factor study 

21/132 (16%) 
70/134 (52%) 
45/134 (34%) 
87/133 (65%) 
107/133 (80%) 
40/134 (30%) 



'Included foe comparison. 

Table 2: Protective effectiveness of meningococcal C conjugate vaccine (MCCV), dependent on presence of rlek factors 



5% (greater protection in most instances) after potential 
confounding risk factors had been taken into account 
(table 2), Multivariate analysis was not possible because of 
the small sample size. 

Wc also estimated the protective effectiveness of the 
vaccine by the screening method, using population 
vaccination coverage for the different age groups, 1 This 
analysis gave an estimated protective effectiveness of 94% 
(73-98; p=0-0l5), which compares well with a previous 
estimated figure in teenagers (97%, 77-99) Although 
narrower CIs for the protective effectiveness of the vaccine 
were noted with the screening method, this method is less 
reliable than the case-control approach^ since it assumes 
absolute certainty of the proportion of vaccinees in the 
control group (by using population-based data). Should 
there be significant heterogeneity in vaccination coverage of 
the population, this method potentially introduces 
systematic error in the estimation of protective effectiveness, 4 
The case-control method provides a more representative 
estimation of vaccine coverage for the population at risk, 

Wc had little power to explore the effect of potentially 
confounding variables, since there were only 12 matched 
controls. However, comparison of these controls with the 
remaining risk factor study controls (and the cases) showed 
comparable proportions, suggesting chat the estimate of 
efficacy would have changed little had more * matched 
controls been recruited. 

Identification of our cases through die Public Health 
Laboratory Service Meningococcal Reference Unit, 
Manchester, ensured accuracy of diagnosis, which reduced the 
chance of reclassification error (in terms of specificity) and 
increased the accuracy of the estimate of protective 
effectiveness.* Potential selection bias in identification of 
matched controls was diminished by restriction of control 
selection to the nearest in age on the general practitioner's list. 

Our data provide further evidence that the meningococcal C 
conjugate vaccine is protective against invasive 
meningococcal C disease in teenagers, and indicate that the 
screening method used previously gave a reliable estimate of 
protective effectiveness. 
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Low plasma arginine concentrations 
in children with cerebral malaria and 
decreased nitric oxide production 

Bert K Lapansr}, Nicholas M Anstey, J tv/ce Weinberg, : 
Gregory J Stoddard, Msurlne ft Hobbs, Marc C Levesqug, 
Esther D Mwaikambo, Donald L Qmnger 

Nitric oxide (NO) production and mononuclear cell NO synthase* ^ 
2 (NQS2) expression are high In healthy Tanzania* children but / 
low in those wtth cerebral malaria./ Factors that downregulate 
HOS2 also diminish factors Involved In cellular uptake and 
biosynthesis of L-arglnlne, the substrate for NO synthesis. We 
therefore postulated thai L-arglnlne concentrations would be 
low lii Individuals wrth cerebral malaria. We measured 
concentrations of L^arglnlne in cryopreserved plasma samples 
from Tartzanlan children with and without malaria. L-erglnlne' 
concentrations were low In Individuals wtth cerebral malaria/ 
(mean 46 >rnol/V SD 14), Intermediate !h those wfth/ 
uncomplicated malaria (70 funol/L, 20), and wfthjfn the normal / 
range In healthy controls (122 ttrool/L, 22; ■ p<0 0001)/ 
Analysis by logistic regression showed that hyposrglrrinaemla / 
was significantly associated wtth cerebral malaria case4ataHty. / 
Hypoarglnlnaemla may contribute to Umfted NO production In 7 
children with cerebral malaria and to severe disease; 

Lancet 2003; 361: 676-78 

Wc have previously shown 1 an inverse association between 
falciparum malaria disease severity and both nitric oxide 
(NO) production and mononuclear cell NO synthase 2 
(NOS2) expression, or both, with lowest levels noted in 
cerebral malaria. NO has antiparasitic effects in vitro and 
probably protects against disease by decreasing amounts of 
proinflammatory cytotdnes 3 reducing expression of 
endothelial cell surface adhesion molecules* and preventing 
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Healthy controls Uncomplicated 


Cerebral 




(n=ld) 


malaria (n=l7) 


malaria (n=39) 


Age (years) 


5-3 (2-3) 


3-6 (1-9) 


S-5 (1-9) 


Boys (numbers. %) 


10 (53%) 


10 (59%) 


22 (56%) 


Weight (kg)* 


16-8 (5-0) 


12-2 (3 0) 


12'1 (3-3) 


Time from last 


13 (1) 


9 (12) 


13 (11) 


meal (h) 






Time from last 


11-19 


0-48 


1-48 


meal (range) (n) 








White blood cell 


7-7 (1-8) 


10-2 (4-4) 


17.4 (10-9) 


count (XlOVfiD 








White blood ceil 


5~11'3 


4.9-17-7 


4-8-51-5 


count (range) 








(Xio-y^t) 








Haemoglobin (g/L) 


111 (18) 


77 (26) 


64 (22) 


Creatinine (junof/L) 


36-3 (6-7) 


38-5 (8-8) 


63-7 (38-2) 


Pa ra sitae m la 


321f 


46790 


68 286 


(geometric mean) 








(tropnozo^tee/nL) 









Values are mean (50) unless otherwise indicated. *At enrolment Defers 
^hydration, fFour oontrofs noted to have asymptomatic parasitemia oy 
microscopy of blood film. 

Baseline characteristics 

parasite cytoadhcrcnce. The reason why concentrations 
of NO arc lower in patients with cerebral malaria ihan 
in healthy individuals is, however, unclear. NO is derived 
from L-arginine via NOS catalysis,: Cytokine responses 
can modulate NOS2 expression in coordination with 
proteins important for L-argininc uptake (cationic 
aminoacid transporters) and recycling from L^citrulline 
(argininosuccinate synthase). 4 Because NOS2 and L-argininc 
availability are both regulated by the host's cytokine response, 
we postulated that L-arginine concentrations would be 
reduced in individuals with cerebral malaria. 

We measured concentrations of L-argininc in available 
cryoprcscrvcd plasma samples from three previously defined 
groups of Tanzanian children; healthy control s 4 and those 
with uncomplicated falciparum malaria and cerebral malaria.' 
From patients, blood samples were obtained at the time of 
diagnosis on admission to hospital. For controls, healthy 
individuals were fasted overnight and samples obtained the 
next day. Protocols were approved by the ethics committees 
at Muhimbili Medical Centre, Tanzania, University of Utah, 
USA, and Duke University, USA. Informed consent was 
obtained from all individuals at time of enrolment. 1 

From every sample, we passed 10 pJL of plasma over an 
Oasis MCX cation exchange cartridge (Waters, Milford, MA, 
USA)> according to the manufacturer's instructions. We 
dried out samples and resuspended them in 10 mmol/L 
sodium acetate, pH 4-5, before measuring concentrations of 
L-arginine with high performance liquid chromatography as 
previously described L~arginine and l^histidine eluted as 
discrete peaks and were quantified by use of standard curves. 
Intra -assay variability was 6*7%, and interasaay variability was 
8-3%. 

Disease category means were compared with AN OVA with 
Bonferroni multiple comparison procedure. Linear regression 
and logistic regression were used to adjust for effects of 
potential confounding variables. 

The table shows the baseline characteristics of individuals 
from whom samples were obtained. Samples were available 
from 19 controls, 17 patients with uncomplicated malariaj 
and 39 individuals with cerebral malaria (18 of whom died). 
Children with uncomplicated and cerebral malaria were 
younger, had lower mean haemoglobin concentrations and 
prehydration weights, and had higher white blood cell counts 
and Plasmodium falciparum parasuacmia than did controls 
(table). 

L-argininc concentrations were inversely associated with/ 
disease severity (ANOVA p<0-0001).; After Bonferroni 



adjustment for multiple comparisons, all disease-category 
means were significandy different from each other (figure). 
Mean plasma concentrations of L-arginine from 23 samples 
that we randomly collected from healthy American adults and 
from 1 1 cryopresexved samples from healthy, pregnant, 
Tanzanian women were 117 ^xmol/L (SEM 6) and' 
140 ujnol/L (14), respectively. Thus, the values noted for 
control Tanzanian children are in line with those for other 
healthy control groups, i 

A regression model, controlling for enrolment 
characteristics, showed that disease severity was associated 
with l-arginine concentrations (p<0 0001). By contrast, 
mean L-histidine values did not differ significandy between 
groups (controls 157 ujnol/L [SD 19); uncomplicated 
malaria 101 nmol/L [42]; cerebral malaria 127 jjonol/L [18]), 
with the use of a multivariate analysis controlling for the same 
variables (p=0-79). 

To ascertain whether or not hypoargininaemia was 
associated with case-fatality, we used logistic regression to 
model the relation between L-arginine concentrations and 
survival in individuals with cerebral malaria, after adjustment 
for potential confoundcrs (duration of fasting, Blantyre coma 
score, haemoglobin, white blood cell count, and parasit- 
aemia). L-argininc concentration was analysed objectively as a 
dichotomous variable with the median amount in the group 
with cerebral malaria (45-4 p-mOl/L) as the breakpoint. In both 
univariate (odds ratio 4-0, 95% CI 1 1-15-2) and multivariate 
analyses (26-2, 1 -2-586), L-arginine concentrations below the 
median were associated with death. With the same 
multivariable model, analysing L-argininc as a continuous 
variable, higher rather than lower L-arginine concentrations 
were protective against death (0*8* 0*71-0'98). 

Plasma L-arginine concentrations were inversely associated 
with severity of malaria in Tanzanian children, and 
hypoargininaemia was associated with death in individuals 
with cerebral malaria. Whether or not severe disease is caused 
by, or results from, hypoargininaemia is unclear, However, 
patients with sickle cell disease and vaso-occlusive syndrome, 
and patients with lysuric protein intolerance (an inherited 
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Plasma L-arglnlne concentrations In healthy children, and In 
those with uncomplicated and cerebral malaria 

Dot and bar$=mean (SEM). In cerebral malaria, closed clrcies=recoveA/. 
and open drctes=deatn. 
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disease of lv-arginine deficiency due to mutations in cationic 
aminoacid transporters) have endothelial dysfunction that is 
related to hypoargmmaernia and reduced NO production. 

therapy restore* NO production in sickle cell 

function id Ty^^S^fJrt^ Endothelial 
dysfunction is important in cerebral malaria, a condition in 
which cytoadherence of parasite-infected red blood cclla to 
endothelial cells is increased by cytofcme-induced endothelial 
adhesion molecules. inrxacemila r NQS activity is dependent/' 
on adequate circulating cor^^ oof ' 

Study, L^ugiaihe Concenxratibna in mdmchials with 

,^!<S3feNy.: 4$^^ e>|?reasioi"ofy 

^^Sj^'wS^ endothelial, anr^ 

v,^v p^^^^ £ parents with cerebral malaria./ 
at low J^axgirune concentradona, NOS/ 
gn^ym^ric&lly .reduces oxygen to superoxide without / 
producing KO J Superoxide plus NO (assuming some is* 
produced) react to form peroxynitrite. This reaction might 
enhance the deleterious oxidative stress noted in cerebral 
malaria. 

Dietary factors and underlying malnutrition are unlikely to 
explain hypoaxgjninaemia in individuals with cerebral 
malaria. Mean duration of fasting did not differ between 
groups and there was no independent association between 
wcight-for-oge and L-ai-gininc. In those with cerebral malaria* 
weight-for-age was inversely associated with L^argininc 
concentrations. Amounts of glutamine and glutarnate* and 
the essential aminoacid L-hisudine are not reduced in severe 
malaria, further suggesting that our jj^j'fog * are not diet- < 
related and arc unlikely to be due to nor^jxafic aminoadd • 
c&j^&m in severe itlnesa^ 

^/UjDcrjtittivc explanations for hypoargminacmia in cerebral '* 
rnnlan a" include inadequate entcnjcytc absorption* impaired , 
endogenous biosynthesis or recycling, and depletion of 
X>orginine; Cellular uptake occurs through canonic aminoacid 
transporters with T helper 1 -induced cationic aminoacid 
transporter 2 increasing uptake. 3 Enterocytcs convert 
Lrglutamine or glutamate to L^imuline, which is converted 
to L-argixiinc in renal tubules, hi blood monocytes, 
L-citrullinc is recycled to L-ai^inirie through argjnino-- 
succinate lyase and T helper 1 -inducible axgirunosuccinate 
synthase. By contrast, T helper 2 cytokines increase monocyte 
arginase I and II, which catabolisc I^-arguiine. We postulate 
that excessive T helper 2 responses in cerebral malaria (as 
evidenced by high interleukin 10 concentrations in these 
children 1 ) decrease NOS2 expression, as well as Lnargminc 
uptake and biosynthesis, Extrahepatic arginase activity might 
also be increased* further reducing L-anjjninc concentrations. 
Additional mechanistic studies are required to address these 
notions. 

Irrespective of the cause, hypoarghunacrnia probably limits 
£iO production and is associated with death in cerebral 
rnalarta*|5tiw to increase NO production could improve 
outcome by correcting endothelial dysfunction and 
decreasing deleterious inflammatory cytokine responses. 
CUnicaJ trials arc warranted to ascertain whether or not 
Correction of L^arguiine deficiency provides adjunctive 
prc^hyiactic and therapeutic benefit in malaria* . 
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Umbilical-cord blood for transfusion 
in children with severe anaemia In 
under-resourced countries 

0 Hassail, Q BedLhAddo, M Adarkwa, K Danso, I Bares 

Shortage of blood for transfusion contribute* aabatarrtially to 
mortalny of otitklron wtth aovaro anaemia la a«b>Saiiaran 
Africa. UmbflleaPcom blood could bo an additional and readihr 
avallablo aourco of Wood. Wo airnod to show whether It la 
possible to gather cord Mood In a busy Ohartahan labour ward. 
Moan volume of each blood samplo obtained rrorn the 
vmbiHcal cord was 85 ml (SO 2S-0). this amount of Mood b 
aufllcfofit to ralao the haemogjobui concentratkma of 28 (21%) 
of 131 children needing tranafesiorts m tho aarrto hoaphaJ. by 
30 g/U Furthor work Is noodod to fmprovo tho sterility of cord 
blood and to establish tho resource and logistical Implication* 
of scallng-up for stib-Sahar»n Africa transfusion services. 

Lancet 2003; 361: 678-79 

Severe anaemia in children is a major health problem in sub- 
Saharan Africa. Xu most chtidren, severe anaemia i* associated 
with Plasmodium falciparum infection, and those younger than 
2 years old are most frequently affected. In countries where 
malaria is endemic, up to 43% of all hospitalised children have 
a haemoglobin concentration of low than 50 g/L, and in- 
hospital death races of patients axe 8-18%. 
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The Clinical Pharmacology of l-Arginine 
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Key Words endothelium, nitric oxide, cardiovascular disease, pharmacokinetics, 
side effects 

■ Abstract L-Arginine (2-amino-5-guanidinovaleric acid) is the precursor of nitric 
oxide, an endogenous messenger molecule involved in a variety of endothelium- 
mediated physiological effects in the vascular system. Acute and chronic adminis- 
tration of L-arginine ha$ been shown to improve endothelial function in animal models 
of hypercholesterolemia and atherosclerosis. L-Arginine also improves endothelium- 
dependent vasodilation in humans with hypercholesterolemia and atherosclerosis. The 
responsiveness to L-arginine depends on the specific cardiovascular disease studied, 
the vessel segment, and morphology of the artery. The pharmacokinetics of L-arginine 
have recently been investigated. Side effects are rare and mostly mild and dose de- 
pendent. The mechanism of action of L-arginine may involve nitric oxide synthase 
substrate provision, especially in patients with elevated levels of the endogenous NO 
synthase inhibitor asymmetric dimethylarginine. Endocrine effects and unspecific re- 
actions may contribute to L-arginine-induced vasodilation after higher doses. Several 
long-term studies have been performed that show that chronic oral administration of 
L-arginine or intermittent infusion therapy with L-arginine can improve clinical symp- 
toms of cardiovascular disease in man. 



BIOCHEMISTRY AND PHYSIOLOGICAL 
ROLES OF L-ARGININE 

L-Arginine (2-amino-5-guanidino valeric acid) is a basic, semiessential amino acid. 
Its occurrence in mammalian protein was discovered by Hedin in 1895 (1). At 
that time, the existence of L-arginine as a naturally occurring molecule had al- 
ready been known since 1886, when it was first isolated from lupin seedlings (2). 
Our present knowledge about the involvement of L-arginine in several different 
metabolic pathways is the result of discoveries that were made during the 20th 
century (Figure 1). One was that synthesis of L-arginine and its subsequent dis- 
integration into L-ornithine and urea, catalyzed by the activity of arginase, is a 
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Figure 1 Schematic representation of the metabolism of L-arginine. Enzymatic pathways indi- 
cated by numbers: 1, biosynthesis of nitric oxide (NO) from L-arginine by nitric oxide synthase; 2, 
synthesis of L-citrulline from L-arginine by arginine deaminase; 3, conversion of L-arginine to urea 
and L-ornithine by arginase (part of the urea cycle); 4, decarboxylation of L-arginine to agmatine 
by arginine decarboxylase; 5, methylation of L-arginine by protein arginine iV-methyltransfcrases; 
6, metabolism of dimethylarginine to L-citrulline by dimethylarginine dimethylaminohydrolase, 

ubiquitous pathway that serves to eliminate nonessential nitrogen-containing sub- 
stances from the body. In 1932, Krebs & Henseleit reported their finding that 
L-arginine is an essential component in this cyclic metabolic pathway, the urea 
cycle (3), This is the only pathway in mammals that allows elimination of con- 
tinuously generated toxic ammonia from the body. Furthermore, the "byproduct" 
of this reaction, L-ornithine, is a precursor for synthesis of poly amines, molecules 
essential for cell proliferation and differentiation (4), In 1939, Foster et al (5) dis- 
covered that L-arginine is also required for the synthesis of creatine. In its phos- 
phorylated form (creatine phosphate), creatine is an essential energy source for 
muscle contraction. Its degradation product, creatinine, is eliminated by glomeru- 
lar filtration in the kidney and is used as a surrogate measure of glomerular filtration 
rate. In the 1980s it was discovered that L-arginine is a precursor of nitric oxide 
(NO) (6-8), the chemical entity shown to be identical with endotheliurn-derived 
relaxing factor (9). The enzyme that synthesizes NO from the terminal guanidino 
nitrogen group of L-arginine was isolated, cloned, and characterized in 1991 from 
macrophages (10), endothelial cells (11), and neuronal cells (12), In the 1990s, the 
enzyme arginine decarboxylase was discovered in mammalian cells (13). This en- 
zyme converts L-arginine into agmatine, a molecule whose physiological functions 
are still under investigation. Agmatine has been shown to bind to or 2 -adrenoceptors 
and imidazoline receptors, potentially evoking clonidinelike effects on blood pres- 
sure (13). Agmatine is also a weak inhibitor of NO synthase (NOS) isoenzymes, 
suggesting a possible role for it as an endogenous modulator of NO production if 
local concentrations are sufficiently high (14). 
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In early studies L-arginine was characterized as a nonessential amino acid in the 
healthy adult human (15) but as an essential amino acid for young, growing ani- - 
mals ( 1 6)#Homeostasis of plasma L-arginine concentrations is regulated by dietary 7 
arginine intake, protein turnover, arginine synthesis, and metabolism. /'This may y 
explain why, under certain disease conditions, L-arginine may become an essential' 
dietary component, fThe main tissue in which endogenous L-arginine synthesis oc- 
curs is the kidney, where L-arginine is formed from L-citrulline, which is released 
mainly by the small intestine (17), The liver is also capable of synthesizing con- 
siderable amounts of L-arginine; however, this is completely reutiiized in the urea 
cycle so that the liver contributes little or not at all to plasma L-arginine flux (18). 
The nearly complete separation between hepatic and systemic L-arginine pools has 
also been partly attributed to the fact that the active L-arginine uptake system, the 
y + transporter (19), has a very low activity in hepatocytes (20). Cell types contain- 
ing NOS have been demonstrated to be able to reutilize L-citrulline, the byproduct 
of NO synthesis, to L-arginine via the so-called arginine-citrulline cycle (21, 22). 
This pathway is mediated by enzymes also involved in the hepatic urea cycle; how- 
ever, the fact that L-citrulline accumulates in the medium of NO-producing cells 
indicates that the arginine-citrulline cycle is far less efficient than the urea cycle 
(23), In macrophages and other cell types, induction of inducible NOS is accom- 
panied by induction of argininosuccinate synthase, the rate-limiting enzyme of 
L-arginine biosynthesis (24), suggesting that NOS substrate availability is tightl/ 
regulated and may be rate limiting for NO production under certain conditions'^ 

Approximately 5 A g of L-arginine is absorbed each day in adults who ingest an 
average US diet (25). Thus, each gram of dietary protein supplies about 54 mg of 
L-arginine. Walser (26) estimated that a 70-kg adult person eating about 50 g of 
protein per day consumes about 0.2 mmol (34.8 mg) of L-arginine per kg of body 
weight per day or a total of 2,4 g of L-arginine per day. The difference between 
the two studies is because of differences in the estimates of average protein intake 
in usual Western diets. Average L-arginine intake can therefore be assumed to be 
on the order of 4-5 g/day. 

ROLE OF L-ARGININE AS A PRECURSOR OF NITRIC 
OXIDE: Preclinical Pharmacology 

L-arginine is the precursor for the endogenous synthesis of NO due to the activity 
of NOS, which releases L-citrulline as a byproduct (6-8)? Although only a minor 
portion of L-arginine is metabolized via this pathway in vivo, it has attracted much 
interest in recent years because of the prominent role that NO plays in vascu- 
lar physiology and pathophysiology (for reviews, cf 27,28). NO generated from 
L-arginine is a highly reactive radical gas and an important messenger molecule 
that is involved in functions as diverse as neurotransmission, vasodilation, in- 
flammation, and regulation of gene expression. At low concentrations like those 
produced by constitutive endothelial NOS (ecNOS) in the vasculature in vivo, 
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NO acts as a paracrine-signaiing molecule, mediating vasodilation (29), inhibition 
of platelet activation (30), inhibition of monocyte and leukocyte adhesion (31), 
and inhibition of smooth muscle cell proliferation (32) and controlling vascular 
oxidative stress and the expression of redox-regulated genes (33). 

In certain animal models and in human diseases (see below), the biological 
functions of endotheliurn-derived NO are impaired, leading to dysregulation of 
endothelial control of vascular tone and blood flow. Such models include hy- 
percholesterolemic rabbits (34-36), rat models of hypertension (37), and hyper- 
lipidemic monkeys (38). The mechanisms behind this phenomenon are probably 
multifactorial, including reduced NO elaboration by NOS, increased oxidative 
inactivation of NO, and enhanced formation of vasoconstrictor mediators like 
endothelin-1 and thromboxane A 2 (28, 39). 

What is the role of L-arginine in this setting? NOS is inhibited by L-arginine 
analogs that are substituted at the guanidino nitrogen atom, like A^ G -monomethyl- 
L-arginine or A^ G -nitro-L-arginine (40). Inhibitory action of these molecules is * 
overcome by excess L-arginine (40), fndicating that there is competition for en- 
zyme binding between L-arginine and its inhibitory analogs. Reduced activity 
of endothelial cell NOS was also shown to occur in the presence of low-density- 
lipoprotein cholesterol; again, this effect can be overcome by excess L-arginine 
(41). Although the mechanism behind this latter phenomenon has not yet been 
fully elucidated, these data demonstrate that, under certain conditions, L-arginine V 
availability regulates endothelial cell NOS activity. <' 

On the other hand, depletion of L-arginine in endothelial cells is hardly pos- 
sible, due to high intracellular L-arginine concentrations (42) and the ability of 
endothelial cells to synthesize L-arginine from L-citrulline (21). Incubation of 
isolated blood vessels with high concentrations of L-arginine does not directly 
affect vascular tone, nor does it modulate endothelium-dependent relaxation (43). 
However, a plethora of reports from animal studies have shown that acute or 9 
chronic administration of L-arginine in vivo improves vascular responsiveness, ^ 
probably via enhanced NO elaboration. Acute administration of L-arginine aug- 
ments endothelium-dependent vasodilation in cholesterol-fed rabbits (34,44) and 
transiently increases, urinary excretion of nitrate (the metabolite of NO) in rats 
(45). Apart from these acute effects, long-term oral administration of L-arginine 
has been associated with a significant improvement in NO-dependent vasodilation 
in cholesterol- fed rabbits (35, 36,46,47) and in low-density-lipoprotein receptor 
knockout mice (48). In these animal models, other NO-dependent vascular func- 
tions are also modulated by chronic supplementation with L-arginine; Endothelial 
leukocyte adhesion is reduced (49), platelet aggregation is inhibited (50, 51), and 
vascular smooth muscle cell proliferation in vivo is attenuated (52). The latter 
effect may prominently contribute to reduced restenosis after experimental angio- 
plasty (53-55) and to reduced intimal thickening in vein grafts (56). 

L-arginine treatment influences the progression of the atherosclerotic disease 
process in animal models: When administered via the oral route to rabbits fed a 
cholesterol-enriched diet, development of intimal plaques in the carotid arteries 
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is slowed (35,36), the intima/media ratio in the thoracic and abdominal aorta is 
reduced (35,36,46), and intimal thickening in the coronary arteries is inhibited 
(57). Enhanced NO elaboration after L-arginine supplementation also contributes 
to improved perfusion of collaterals after arterial occlusion in rabbit ear tissue (58)? 
There is controversy about whether L-arginine can induce regression of preexisting 
lesions. Candipan and coworkers (47) demonstrated that, after 1 0 weeks on a high- 
cholesterol diet, supplementation with L-arginine for an additional 13 weeks led to 
significant reduction in aortic lesion size. We (36) found that addition of L-arginine 
to the diet for 8 weeks after 4 weeks of preceding hypercholesterolemia completely 
halted the progression of vascular lesions in the aorta and carotid artery of rabbits, 
but did not induce regression. Inhibition of smooth-muscle-cell proliferation by 
L-arginine (52) and induction of apoptotic cell death in vascular lesions (59) may 
both contribute to the beneficial effects of L-arginine on vascular structure in this 
animal model 

FROM BENCH TO BEDSIDE: Cardiovascular Effects 
of L-Arginine in Humans 

Very soon after the first animal experiments had proven a beneficial effect of 
L-arginine on endothelial function, it was shown that local intracoronary infu- 
sion of L-arginine normalized coronary vasomotor responses to acetylcholine in 
hypercholesterolemic humans (60). A similar observation was also made upon 
systemic (intravenous) infusion of L-arginine in hypercholesterolemic subjects, 
in whom endothelium-dependent forearm vasodilation was improved (61). These 
were important findings, because endothelial dysfunction precedes angiographic 
cally visible atherosclerotic lesions in large coronary arteries (62), Recent evidence 
from prospective clinical trials suggests that endothelial dysfunction is a predictor 
of future coronary events (63,64), Therefore, reversal of endothelial dysfunction 
by L-arginine in vivo may suggest that this amino acid exerts antiatherosclerotic 
effects in humans. 

The responsiveness of endothelial dysfunction to L-arginine is not a ubiqui- 
tous phenomenon. It depends on factors such as the arterial segment studied, the 
presence or absence of morphological atherosclerotic lesions, the underlying car- 
diovascular disease, and the L-arginine concentration reached, Egashira et al (65) 
showed that coronary vasodilator response to acetylcholine was significantly im- 
proved after intracoronary L-arginine in patients with microvascular angina and 
normal coronary angiograms. Drexler et at (66) demonstrated that, in cardiac trans- 
plant recipients, improvement of coronary endothelial function with L-arginine is 
more likely in vessels with normal wall morphology. By contrast, in another study 
a more prominent vasodilator effect of L-arginine was found in stenosed coronary 
arteries than in healthy vessel segments (67). 

Although there is a bulk of evidence that supplementation with L-arginine — via 
the intraarterial, intravenous, or oral routes-improves endothelial dysfunction in 
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hypercholesterolemia and atherosclerosis, endothelial dysfunction in other car- 
diovascular diseases was not consistently improved by L-arginine administration, 
The majority of studies with L-arginine in hypertensive patients revealed a lack of 
effect of this amino acid on endothelial function (68, 69). In a comparative trial be- 
tween patients with coronary artery disease and patients with primary pulmonary 
hypertension, we also found no vasodilator effect of L-arginine in pulmonary hy- 
pertension (70). Reduced NO elaboration in certain types of hypertension may 
be caused by reduced expression of endothelial NOS (71). This may explain why 
increased substrate availability has no beneficial effect in this condition. 

In a series of clinical studies, we investigated direct hemodynamic effects of 
L-arginine in the peripheral vasculature. We found that intravenous infusion of 
30 g of L-arginine significantly increased arterial blood flow in the femoral artery 
of healthy subjects by a mean 44% (72). In a subsequent study, the peripheral 
vasodilator action of 30 g of L-arginine was reproduced by using impedance car- 
diography to assess total peripheral resistance (73). Plasma L-arginine concentra- 
tions increased to 6.0 ± 0.4 mM. A lower dose of L-arginine (6 g), administered 
by either the intravenous or the oral route, failed to produce acute vasodilation. 
Plasma L-arginine concentrations rose to 822 ± 59 fiM and 3 1 0 ± 152 /xM after 
intravenous and oral administration, respectively, of 6 g of L-arginine, 

In a study in patients suffering from severe peripheral arterial occlusive disease, 
we demonstrated that an acute intravenous infusion of 30 g of L-arginine increased 
femoral arterial blood flow in the more severely affected leg by a mean 43% 

(74) . In this study the plasma L-arginine concentration increased to a mean 3.8 ± 
OA mM. This vasodilator effect of L-arginine, which was measured by duplex 
ultrasonography in the femoral artery, was due to increased blood flow velocity, 
whereas femoral artery diameter remained unchanged. Although this observation 
pointed to a peripheral vasodilator action of L-arginine, we had no evidence from 
that study about whether that action involved opening of arteriovenous shunts 
(which, in the long run, might fiirther decrease nutritive muscle blood flow in 
the diseased limb) or increasing muscle capillary blood flow (which might prove 
to be therapeutically favorable for peripheral arterial occlusive disease patients). 
We addressed this question in a further clinical study in which we performed 
serial measurements of muscle capillary blood flow by using positron emission 
tomography with isotope-labeled water as the flow tracer. We found that a single 
systemic infusion of 30 g of L-arginine increased nutritive muscle blood flow by 
a mean 43%, whereas a lower dose of 8 g of L-arginine had no significant effect 

(75) . 

Increased nutritive tissue blood flow, as well as our observation that blood flow 
remained elevated for 1-2 h after the end of L-arginine infusion (72,74), made 
us confident that, on a medium- to long-term scale, L-arginine might improve the 
symptoms of occlusive arterial disease. In the first study to address this question, 
we found that, after 3 weeks of intermittent intravenous L-arginine therapy (3 doses 
of 8 g/day), claudication distance was significantly increased (76). Absolute and 
pain-free walking distances were improved by 230 ± 63% and 155 ± 48%, 
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respectively, whereas in the control group there were no significant changes. Six 
weeks after the end of the infusion therapy, walking distance was still significantly 
prolonged, which may be a result of persistent improvement of endothelium- 
dependent vasodilation in response to increased peripheral blood flow (e.g. during 
walking exercise). 

Other investigators also showed that oral L-arginine supplementation improves 
clinical symptoms of vascular disease (see Table l,p, 91): Ceremuzynski et al (77) 
showed that exercise capacity was improved as compared to placebo in patients 
with stable angina pectoris after 3 days of 6 g of L-arginine daily. Six months 
of oral treatment with L-arginine (3 doses of 3 g/day) resulted in a significantly 
improved angina symptom score and improved coronary blood flow response to 
acetylcholine in another placebo-controlled study that included 26 patients with 
small-vessel coronary artery disease (78). By contrast, Blum et al (79) observed 
no improvement of NO elaboration, flow-mediated vasodilation of the brachial 
artery, or serum adhesion molecule levels after 1 month of oral L-arginine (9 g/d) 
in patients with coronary artery disease. However, in that study, patients were on an 
optimized medical treatment including cholesterol-lowering and vasoactive medi- 
cation before and during the study, and flow-mediated vasodilation was normal at 
baseline, which may have left too little room for improvement by L-arginine. 

Acute intravenous infusion of 20 g of L-arginine resulted in significantly re- 
duced peripheral resistance, increased stroke volume, and cardiac output without a 
change in heart rate in 12 patients with congestive heart failure (SO). In a placebo- 
controlled study with oral L-arginine (3.6-12.6 g/d over 6 weeks), Rector et al 
(81) found significant improvements in forearm blood flow, increased walking 
distance in a 6-min walk test, and improved arterial compliance and quality of life 
in patients with heart failure. 

In patients with Raynaud's phenomenon and scleroderma, vasospastic attacks 
are significantly reduced by L-arginine, suggesting that NO deficiency may be 
involved in the pathogenesis of vasospasms in Raynaud's phenomenon (82). 

MECHANI SM ( S) OF ACTION OF L-ARGININFS 
CARDIOVASCULAR EFFECTS IN HUMANS 

The first assumption of the mechanism behind the vascular effects of L-arginine 
in vivo was that it acts via substrate provision for NOS (34). However, this as- 
sumption was controversial because of the obvious discrepancy between the half- 
saturating L-arginine concentration (K m value) for isolated, purified endothelial 
NOS [2.9 [jM (11)] and plasma L-arginine concentration (60-100 /uM). From an 
enzyme-biochemical point of view, it was argued that additional L-arginine could 
. not have any effect on NOS activity, because this enzyme should be saturated with 
substrate at physiological levels and not be dependent on extracellular supply. 
However, L-arginine did have a beneficial effect on endothelium-dependent va- 
sodilation in vivo. This phenomenon was called the "L-arginine paradox." Several 
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explanations have been brought forward to resolve this paradox. First, L-arginine 
may be compartmentalized in the cytoplasm, and local concentrations in the vicin- 
ity of endothelial NOS may be lower than expected from L-arginine levels in 
whole-cell homogenates. Indeed, there is recent evidence that endothelial NOS is 
colocalized in caveolae formed by the cytoplasmic membrane with the y* trans- 
porter (83), Extracellular L-arginine may be preferentially utilized by NOS within 
this microenvironment. This may explain earlier findings showing rapid con- 
version of extracellular L-[guanidino- I5 N 2 ]-arginine into l5 N-nitrate by cultured 
endothelial cells (8), 

Another explanation for the L-arginine paradox may be the presence of endoge- 
nous NOS inhibitors in certain diseases. Presence of asymmetric dimethylarginine 
(ADMA), an endogenous molecule that exerts NOS-inhibitory effects, has been 
demonstrated in human plasma and urine (84). Elevated concentrations of ADMA 
are present in patients with vascular diseases, resulting in diminished NOS acti- 
vity (see below). As discussed above for synthetic L-arginine analogs, inhibition 
of NOS activity may be overcome by excess substrate and could explain how 
L-arginine improves endothelial function in patients with vascular disease. How- 
ever, this mechanism would not explain L-arginine-induced vasodilation in healthy 
humans in whom ADMA levels are low. 

Endocrine mechanisms may contribute to vasodilation induced by L-arginine in 
healthy humans and in patients. High intravenous doses of L-arginine (30 g) have 
been used since the 1960s to stimulate growth hormone (GH) secretion (85). In 
addition, L-arginine stimulates the release of pancreatic insulin (86) and glucagon 
(87) and pituitary prolactin (88). Of these, GH and insulin can induce vasodilation 
by mechanisms that have long remained unclear. Giugliano and coworkers (89) 
recently demonstrated that an intravenous infusion of 30 g of L-arginine induced 
vasodilation and insulin release in healthy humans. When insulin secretion was 
blocked by octreotide coinfusion, no vasodilation occurred. However, vasodila- 
tion was restored by insulin coadministration. Unfortunately, these investigators 
did not measure GH release, which is also blocked by octreotide. We were able 
to show that L-arginine (30 g, intravenously) induced a rapid release of insulin 
and a delayed release of GH (90). During coinfusion of somatostatin, release 
of both hormones was blocked; however, somatostatin inhibited only the late re- 
sponse but not the early increase in NO production. Our conclusion therefore was 
that GH contributes to the prolonged NO-dependent vasodilation to high doses of 
L-arginine. Other studies corroborate this hypothesis. GH exerts many of its effects 
via insulinlike growth factor- 1 (91). Insulinlike growth factor- 1 activates ecNOS 
in vitro (92,93), and it induces NO-dependent vasodilation in human forearm 
tissue in vivo (94). We have further shown that chronic administration of recom- 
binant GH increases NO production in GH-deficient patients (95) and in patients 
with dilated cardiomyopathy (96). Oral administration of L-arginine in combina- 
tion with L-lysine has also been found to stimulate GH release, but L-arginine 
alone given by the oral route has no such effect (97). Therefore, whether this 
mechanism contributes significantly to the beneficial effect of oral L-arginine 
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Figure 2 Concentration-dependent clinical effects of L-arginine as observed in studies in human 
subjects. 



on endothelium-dependent vasodilation in humans is not known. We did not 
find evidence for increased GH secretion during oral L-arginine supplementation 
(2 doses of 8 g/day) in human subjects (S Bode-B5ger & RH Boger, unpublished 
observation) (Figure 2). 

Agmatine is another metabolite that may be involved in the vasodilatory ac- 
tion of L-arginine. Agmatine is a ligand at central a 2 -and imidazoline receptors 
(13), where it induces clonidine-like effects (97) and- — by lowering peripheral 
sympathetic tone — may lower blood pressure and induce vasodilation. No data 
are available to date showing whether this mechanism contributes to L-arginine- 
induced vasodilation in humans in vivo. 

Unspecific effects have been suggested to be involved in vasodilation induced by 
high intravenous doses of L-arginine. MacAllister et al (88) reported that, after intr- 
avenous infusion resulting in concentrations in the millimolar range, neither L- 
arginine nor D-arginine had an effect on systemic hemodynamics in healthy humans 
or in patients with insulin-dependent diabetes or hypertension. Increases in plasma 
insulin, prolactin, glucagon, and growth hormone were seen with both enantiomers. 
However, as outlined above, the vasodilatory effect of GH is mediated by NO, 
which may explain why, in some experimental settings, D-arginine may have 
effects on endothelium-dependent vasodilation similar to the effects of L-arginine. 
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Antioxidant effects have been reported for L-arginine that may contribute to 
increased biophase availability of NO. We found that superoxide radical release by 
isolated aortic rings from cholesterol-fed rabbits was significantly diminished after 
L-arginine supplementation (35). We later confirmed our findings using a different 
approach, that is, by showing reduced urinary excretion of 8-iso-prostaglandin F 2a> 
a marker for lipid peroxidation in vivo (99) . Reduced superoxide elaboration by en- 
dothelial cells has been shown to be specific for L-arginine but not D-arginine ( 1 00), 
suggesting that it may be related to NOS activity. Indeed, NOS catalytic activity 
may be decoupled under certain pathophysiologic conditions, resulting in a shift of 
catalytic activity from NO elaboration to 0 2 " production (101); this effect can be 
reversed by L-arginine ( 1 02), In vivo, L-arginine treatment decreases NOS-derived 
superoxide while increasing NO accumulation during ischemia/reperfusion injury 
in skeletal muscle (103), We have evidence from our laboratory showing that iso- 
prostane excretion is reduced in humans with vascular disease during L-arginine 
treatment (RH Boger & D Tsikas, unpublished observation). 

SIDE EFFECTS 

L-arginine has generally been well tolerated when administered via the intra- 
arterial, intravenous, or oral route, in doses <30 g. When high doses of L-arginine 
are given intravenously, local irritation and phlebitis may occur due to the high 
osmolality of the solution (104, 105). Dilution to a 10% solution is recommended 
but not always feasible because high doses may cause fluid overload. Accidental 
extravasation of L-arginine solutions may lead to local tissue injury and necrosis 
(106). The vasodilator action of L-arginine may lead to hypotension (107), but 
usually, the blood pressure-lowering effect of L-arginine is relatively limited. Al- 
lergic reactions including anaphylaxis are possible in response to L-arginine ( 1 08). 
It is therefore contraindicated in individuals with high allergic tendencies. An- 
tihistamines and epinephrine should be available for treatment of such reactions. 
Infusion solutions of L-arginine hydrochloride have a high chloride content; this 
may be hazardous in patients with electrolyte imbalance. Because the L-arginine 
hydrochloride solution is acidic (pH 5-6.5), a sudden drop in blood pH may cause 
metabolic acidosis, which has been associated with arrhythmias in a variety of clin- 
ical settings (109). Hyperkalemia, including one fatality, has been reported after 
L-arginine infusion in patients with severe liver disease and/or renal insufficiency 
(110-113). Massara et al (114) reported hyperkalemia and hypophosphatemia 
in diabetic patients receiving L-arginine infusions. It was suggested that hyper- 
kalemia is the result of displacement of intracellular potassium by L-arginine, a 
cationic amino acid (115), Potassium clearance from plasma is enhanced by the 
action of insulin stimulated by L-arginine. In diabetics, lack of insulin may cause 
hyperkalemia. Stimulation of insulin release may cause hypoglycemia in patients 
with intact pancreatic function. Release of histamine from skin (116) may be a 
cause of flushing and other dermal side effects (117). A major part of an L-arginine 
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dose is metabolized to ornithine and urea. Increases in blood nitrogen urea and 
urea may occur in patients with renal function impairment owing to their limited 
capacity to eliminate urea. Oral L-arginine may cause nausea and vomiting; the 
frequency was given as ^3% of patients (118). Abdominal cramps and bloating 
have been observed in patients with cystic fibrosis receiving oral L-arginine (119). 
One fatal case due to an acute overdose of L-arginine was recently reported (120), 
A 21 -month-old girl inadvertently received eightfold the dose of L-arginine that is 
routinely given to stimulate growth hormone release, and she died from cardiac ar- 
rest and myelinolysis. Patients receiving L-arginine infusions should be monitored 
closely for cardiac arrhythmias and electrolyte disturbances. 

CLINICAL PHARMACOKINETICS OF L-ARGININE 

There are only a few studies that have specifically addressed the pharmacokinetics 
of L-arginine in humans. In two older studies, arginine levels were measured 
by photometric methods, and owing to various limitations related to the route of 
administration, low assay sensitivity, short follow-up (15 and 60 min after the end of 
a 30-min infusion period), and data analysis, pharmacokinetic parameters obtained 
were unreliable (121, 122). In another study, Matera et al (123) tested the relative 
bioavailability and bioequivalence of two oral poly-amino acid formulations in 
association with vitamin B n used as parenteral nutrition supplements. The dosage 
of L-arginine in these formulations was only 100 mg per day, and no data are 
available from that study on absolute bioavailability of L-arginine, More recently, 
Bode-Boger et al (72) compared the pharmacokinetics of single intravenous doses 
of L-arginine (30 and 6 g) with that of oral L-arginine (6 g), and Tangphao et al 
(124) studied the pharmacokinetics after administration of 30 g of L-arginine via 
the intravenous route and after oral administration of 1 0 g of L-arginine. The latter 
two studies, in combination with data from animal studies and metabolism studies, 
provide much of the pharmacokinetic data on L-arginine that are known to date. 

After an intravenous infusion, peak plasma L-arginine levels are achieved within* 
20-30 min. Peak plasma levels range from 0.8 mM after 6 g of L-arginine (72) to v 
4,8 mM after 14 g of L-arginine (125) and to 6.2 mM (72), 6.5 mM (90), and 8,0 - 
mM (124) after 30 g of L-arginine^The peak L-arginine plasma concentration after 
oral administration of 6 g is 0.3 1 mM at T max == 90 min (72). Oral administration 
of 10 g of L-arginine leads to a peak plasma concentration of 0.29 mM at 60 mini 
after dosing (124). These data suggest a less than proportional increase in plasma 
L-arginine after high doses, and indeed there is substantial urinary excretion of 
L-arginine when the renal threshold for reabsorption is exceeded (124). 

Orally administered L-arginine is rapidly and almost completely absorbed by the 
intestinal brush border membrane via active uptake by the intestinal y* transporter 
system for cationic amino acids (19); thereafter, it is extensively metabolized 
by enterocytes (126). Data given for oral bioavailability vary between 21 ± 4% 
(5-50%) (124) and 68 ± 9% (5 1-87%) (72). Splanchnic uptake of isotope-labeled 
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L-arginine after oral administration was 3 1 -3 8% in another study ( 1 27). Although 
the reason for these differences is not clear, it is obvious that a considerable fraction 
of an oral L-arginine dose is being metabolized presystemically or excreted from 
the gut. The liver may not contribute significantly to this first-pass metabolism, 
because the y 4 " transporter in hepatocytes has a very low activity, almost completely 
separating hepatic arginine metabolism from the systemic L-arginine pool (128). 

The half life of L-arginine was 1.5-2 h after an oral dose of 6 g (72). This 
value corresponds to the half life determined in an earlier study for two different 
poly-amino acid formulations, in which half life of L-arginine was reported to be 
1.2-1.9 h (123). In the latter study, no change in L-arginine 's half life was found 
after repeated intake. After higher intravenous doses of L-arginine, its apparent 
half life is shorter, which may be caused by a "spillover" into urine from the 
extremely high plasma concentrations reached (124). 

Frondoza et al (129) assessed tissue distribution of [ 14 C]L-argiiune after in- 
traperitoneal injection of the tracer in rats and found the largest portions of ra- 
dioactive label in the skin, liver, small intestine, and stomach. The disappearance 
of radioactivity from tissues gave semilog decay curves, suggesting that there are 
several labeled products with different turnover rates (129). The bulk of radioargi- 
nine was eliminated through the urine, probably after conversion of arginine to 
urea. In the same study, a similar observation was also made in humans with mul- 
tiple myeloma, in whom 22-26% of injected [ 14 C] L-arginine was found in urine 
during the first 24 h. Cumulative radioactivity excreted until 8 days after injection 
was 70% of injected dose (129). In another study it was found that L-arginine 
levels increase to three- to sixfold of baseline levels in NO-generating tissues like 
the heart and aorta of rats (130). Beaumier et al (131) reported that the rate of 
conversion of arginine to ornithine significantly increased in humans with a high 
dietary L-arginine supplementation (36 g/day), with no apparent change in total 
body conversion of L-arginine to N0 3 ". Only a very small fraction of exogenous 
L-arginine is converted via NO into nitrate. Leaf et al (132) estimated this fraction* 
as 0.07% of an intravenous dose of 15 N-labeled L-arginine; Castillo et al (133)f 
emulated that 0.4% of ,5 N-labeled L-arginine applied via the intragastric route" 
was converted into 15 N-N0 3 ~. These findings are in line with our recent observa- 
tion that <1% of oral L-[guanidino- l5 N 2 ]-arginine is converted into l5 N-N0 3 ~ in * 
rabbits (RH Boger, S Bode-Boger, & D Tsikas, unpublished observation) * 

Under physiological conditions, excretion via the kidneys plays no role for the 
elimination of L-arginine. L-arginine is filtered in the renal glomerulus and almost 
completely [>99% (134)] reabsorbed in the proximal renal tubules (135) and in 
the thin ascending limb of Henle's loop (136). Reabsorption is accomplished 
by the y + transporter and — in contrast to other amino acids — displays saturation 
kinetics. In dogs, the renal tubular transport maximum for L-arginine is reached 
at a glomerular filtration of 3.5-4 mg/min/100 ml of glomerular filtrate (137). No 
such data are available for humans. However, the finding of L-arginine spillover 
into urine in human subjects after high intravenous doses of the amino acid (124) 
is consistent with saturable tubular reabsorption. 
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TABLE 1 Diseases in which. L-arginine has been demonstrated to improve clinical end points 
of cardiovascular disease 



Disease 


L-arginine dose 8 


Effect b 


Reference 


Peripheral arterial disease 


3 x 8 g/d i.v 


t Walking distance 


76 




30 g i.v. 


f Nutritive muscle blood flow 


75 


Coronary artery disease 


3 x 3 g/d p.o. 


| Angina symptom score 


78 




3 x 2 g/d p.o. 


t Exercise capacity 


77 


Congestive heart failure 


5,6-12,6 g/d p.o. 


f Exercise capacity 


81 


Raynaud syndrome 


8,5 rag/min i.a. 


| Vasospasm attacks 


82 



•Routes of administration: i.v., intravenously; p.o., orally; i.a., intra-artcrially, 
b t , Increased; | , decreased. 



SOLVING THE "l-ARGININE PARADOX"? 

While many of the effects of high intravenous doses of L-arginine observed in 
clinical trials can be explained by endocrine actions of this amino acid, the im- 
provement of endothelial function brought about by relatively low daily oral doses 
of L-arginine has long remained unclear. The in vivo actions of L-arginine were in 
contrast to the absence of similar effects in vitro and were not predictable based on 
the huge excess of physiological L-arginine concentrations over the apparent K m 
value of NOS isoenzymes as determined in vitro. The presence of an endogenous 
inhibitor of NOS may account for L-arginine 's effects in many cardiovascular and 
other diseases. The endogenous NOS inhibitors, TV^-monomethyl-L-arginine and 
ADMA have been detected in human plasma and urine (84); ADMA is present 
in concentrations < 10-fold higher than those of A^-monomethyl-L-arginine. Ele- 
vated concentrations of ADMA have been found in patients with peripheral ar- 
terial occlusive disease (138), hypercholesterolemia (125), chronic heart failure 
(139), end-stage renal disease (140), hyperhomocysteinemia (141), and hyperten- 
sion (142). Elevated ADMA levels account for endothelial dysfunction in hyper- 
cholesterolemia and hyperhomocysteinemia (125, 143). This is consistent with 
data from several experimental studies suggesting that ADMA concentrations in 
a pathophysiological^ high range (3-15 /tmoL/liter) significantly inhibit vascular 
NO elaboration (144-146). Recent data from a prospective clinical trial suggest 
that ADMA is a prognostic marker of cardiovascular and of all-cause mortal- 
ity in patients with end-stage renal disease (RH Boger & C Zoccali unpublished 
observation). Future investigations will help to clarify the role of ADMA in patho- 
physiology and in the therapeutic effects of L-arginine. 
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Summary, To determine the effects of L-arginine (L-Arg) 
supplementation on nitric oxide metabolite (NO x ) produc- 
tion, oral L-Arg was given to normal controls, sickle cell 
disease (SCD) patients at steady state and SCO patients 
hospitalized with a vaso-occlusive crisis (VOC), L-Arg 
(0-1 g/kg) increased NO* formation by 18-8 + 68% in 
normal controls, whereas steady-state SCD patients demon- 
strated a paradoxical decrease in NO x of -16-7 ± 4% 
(P = O-0O4). In contrast, patients with VOC demonstrated a 



dramatic increase in NO x production by +77-7 ± 103%. a 
response that was dose dependent. L-Arg appears to be the 
rate-limiting step in NO* production during VOC, Oral 
arginine may therefore benefit SCD patients by inducing an 
increase In NO production during VOC. 



Keywords; nitric oxide, L-arginine, sickle cell disease, vaso- 
occlusive crisis, nitric oxide metabolites. 



A^^sjjmh^^kbe cell disease (SCD) are L-arginine (L-Arg)# 
degcl^^jgOa^nwu" et ituV and may benefit from* 

su^emeataiaonfOur preliminary data suggested that this 
deficiency may be age dependent and influenced by acute 
events, with lowest L-Arg levels found during vaso-occlusive 
crisis (VOC) and acute chest syndrome (ACS) {Morris et al, 
2000). L-Arg is the precursor to nitric oxide (NO), and NO 
metabolite (NO*) levels are also decreased during VOC and 
ACS (Stuart & Setty. 1999; Morris et al, 2000). L-Arg is a 
safe therapy (Perrine et al 1994) that has demonstrated the 
capacity to decrease platelet aggregation (Adams et al, 
1995) and reverse endothelial dysfunction (Lerman et al, 
1998) in Other disease processes and it may represent a new 
therapeutic intervention in SCD. 

^sm ^ S^SuMjoWW^ neajthy subjects (Kharltonov et al$ 
■I™S)*We undertook a study to determine whether oral 
L-Arg increases NO, production in patients with SCD. 



MATERIALS AND METHODS 

Patients. SCD patients at steady state, patients hospitalized 
with VOC and non-SCD healthy volunteers s: 8 years of age 

Correspondence: Claudia R. Morris, Department of Emergency 
Medicine. Children's Hospital Oakland. 747 52nd Street, Oakland, 
CA 94609, USA. E-mail: )ohnclaud@ home, com 
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were prospectively enrolled in the study. The study protocol 
was approved by the Institutional Review Board, and 
informed consent was obtained for all patients. 

Oral L-Arg was administered during 20 separate occa- 
sions to 10 patients with SCD and to four normal controls. 
Age and sex were similar in all groups. 

Mean percentage change in serum NO x levels was cal- 
culated for patients in each category, The mean percentage 
change represents the mean of the maximum change in 
NO* levels from baseline (t — 0). 

L-Arginlw administration. After a fasting period of > S h. 
oral L-Arg (OS g/kg, 0-1 g/kg or 0-25 g/kg) was adminis- 
tered to each patient as a one-time dose to determine its 
impact on NO* production. Serum L-Arg and plasma NO x 
levels were determined at baseline and were followed 
sequentially over 4 h. 

l- Arginine and NO* measurement Quantitative plasma 
L-arginlne levels were measured in p.mol/1 by Quest 
Diagnostics, San Juan Capistrano, CA. USA. 

The formation of NO* was measured by determination of 
Its stable end products in serum. La, nitrite (N0 2 ) and nitrate 
(NO3) in pjnol/l as* previously described (Morris et al, 2000)..: 

Statistical analysis. Results are expressed as means ± SD. 
Percent change for NO* levels are expressed as the mean 
percentage change ± SD. The paired Student's t-test was 
used to evaluate for significant differences within the same 
treatment groups, and the Wilcoxon two-sample test was 

© 2000 Blackwell Science Ltd 
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Fig 1 , Maximum percent change in nitric oxide metabolite (NO x ) 
production in sickle cell disease patients with vaso-occlusivc crisis 
after oral L-arginlne at low dose (0-05 g/kg, n = 3) vs, intermediate 
dose (0-1 g/kg, w = 4). 



used to evaluate significant differences between study 
populations. 
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decreased more rapidly in the SCD patients by the end of 
4h (90-7 ±18-3 vs. 142-3 S 67 i^mol/l). but this 
difference did not reach statistical significance, 

Control patients demonstrated a mean increase in 
endogenous NO x levels of +1S 8 ± 68%. In contrast 
NO x levels decreased In every SCD patient at steady state 
(-16*7 ± 4%. P= 0 004). High-dose L-Arg (0-25 g/kg) 
elicited a similar paradoxical response, despite differences 
In peak L-Arg levels (170*7 ± 41-2 vs. 278-0 ± 116-7 
■xraol/l). 

Oral L-Arg administration in SCD patients with VOC 
Unlike SCD patients at steady state, patients with VOC*' 
underwent a dramatic Increase in NOx production after oraty 
L-Arg (O'l g/kg. +77-7 ± 103%). This$rise in NO x pro- 
duction occurred despite peak L-Arg levels that were 
significantly lower in the VOC group than in steady-state 
patients receiving the same L-Arg dose (93-8 ± 26-6 vs. 
170-7 ± 41-8 -jwnol/I, P = 0-01). 

Low-dose L-Arg (0-05 g/kg) resulted in a significant 
decrease in NO x levels in VOC patients, with a mean 
percentage change of -48-1 ± 2% (Fig 1), despite achiev- 
ing similar peak L-Arg Levels (87-6 s 62 • 2 pjmol/1). 



RESULTS 

Oral L-Arg administration in SCD patients at steady state 
compared with normal controls 

Supplemental L-Arg (0-1 g/kg) was administered to six 
SCD patients at baseline and four non-SCD normal 
controls. Baseline L-Arg levels were lower (mean ± SD: 
45-5 ± 10-6 vs. 81-2 ± 20-5 u.raol/1, P = 0-006) and 
NO* levels were higher (24*0 ± 8-9 vs, 
15*9 ± 10-8 ujmol/1 respectively) in SCD patients than in 
normal controls. Serum L-Arg concentrations rose sig- 
nificantly In both groups, peaking at approximately 2 h 
after arginine administration (144*7 ± 30*3 in SCD 
patients vs. 164-5 ± 43-4 \unoU\ in controls). L-Arg levels 
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Oral L-Arg in the same SCD patienL at steady state compared 
with VOC 

One patient was enrolled at steady state and twice during 
VOC (Pig 2). Oral L-Arg (01 g/kg) induced a paradoxical 
decrease in NO* levels at steady state, but a significant 
increase in NO* production during VOC (maximum 
percentage change -23*8% vs. +109-4%). NO x levels 
decreased, however, during a separate VOC event after low 
dose (0-05 g/kg) oral L-Arg (-47-7%). 

Vital signs, P s o and methaemoglobin levels 

No changes were noted after oral L-Arg. despite significant 

alterations in NO* concentration, 
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concentrations are low (Xia 
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DISCUSSION 

Previously, the effects of arginine supplementation on NO* 
production in SCD patients had not been reported. The? 
increased metabolism of .oral . L-Arg in SCD patients^ 
opmpi^Stii^ ioi^iM)^^ accelerated even further 

?D&$wS^^ far N0 in f 

aJMU^ 4<5RUfttP» of available L-Arg stores.V 
wu~- - decreased L-Arg and NO, levels daring VOC* 
(Morris et al 20001 If an acute t-Arg deficiency during VOC 
was the cause of low NO* levels, then L-Arg administration 
would be expected to increase NO* production. Our data 
suggest that a threshold L-Arg concentration may be 
necessary during VOC to induce NO* production. Supple- 
mentation with the lower L-Arg dose (0 05 g/kg) during 
VOC possibly provided enough substrate to activate the NO- 
producing enzyme nitric oxide synthase (NOS) but was 
insufficient to sustain increases in NO x production, ulti-^ 
ruatcly resulting in decreased NO* levels. Previous investiga^ 
tions have shown that L-Arg concentration Influences what 
**"*^~' in lieu of NO"? 

al 1996$ As 

superoxide rapidly converts NO to other reactive nitric oxide 
species (Xia et al 1996) not measured by our study, this may 
be an explanation for the paradoxical drop in N0 X found in 
SCD patients at steady state and after insufficient L-Arg 
dosing In VOC. The duplication of these patterns of NO* 
production demonstrated within a single patient at steady 
state and VOC supports this hypothesis. 

Even with our small sample size, trends in NO* pro- 
duction were consistently different in VOC patients from 
patients at steady state. Although low-dose L-Arg was 
subtherapeutic, lower doses may become therapeutic after 
repeated supplementation and restoration of depleted 
arginine stores. 

Whether increased NO* production will have a favourable 
impact on VOC remains to be determined, particularly in 
light of the deleterious potential of nitric oxide (Xia et al 
1996), Yet, low NO x levels during VOC and ACS (Stuart & 
Serty, 1999; Morris et al 2000) and an Inverse relationship 
between pain scores and NO* levels in SCD patients with 
VOC (Lopez et al 1996) support an association between low 
NO, levels and vaso-occlusiou. 

Recent studies demonstrating NO binding to haemoglobin 
(Gladwin et al 1999) implicate another mechanism of 
action for NO in the regulation of vascular tone. Inhaled NO? 

fygj^ss^ ACS < AtSE ^ * 

S^&J^^^^ flWcal trials of Inhaled NO In patients J 
ra|ary^4^ are ongoing 

998j$Yet the delivery of inhaled NO is* 
curabe*$ptti£ M ,&o.£. . ; ^hqut potential side-«nects that$ , 

limiting its J" 
on. fchie other .hand, is a safer and| 




#red alternative to inhaled NO and may 

i significant therapeutic potential. | 
Arginine therapy may be a novel strategy to improve VOC 
by inducing nitric oxide production in SCD: however, a 
controlled clinical trial assessing the safety and efficacy of 



oral L-Arg is necessary before any definitive recommenda- 
tions can be made. 
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S-nitrosothiols in humans. 




1. Lees C, Lanqford E, Brown AS. de Belder A. Pickles A. Martin JF. Campbell S. The effects of S- 

nitrosoqlutathione on platelet activation, hypertension, and uterine and fetal Doppier in severe 
preeclampsia, Obstet Gynecol. 88: 14-9 1996. OBJECTIVE: To determine the effects of the platelet- 
specific nitric oxide donor S-nitrosoglutathione on women with severe preeclampsia. METHODS: Ten 
women with severe preeclampsia or preeclampsia with severe fetal compromise at 21-33 weeks' 
gestation each received a 60-90-minute intravenous infusion of 50-250 micrograms/minute of S- 
nitrosoglutathione. Each was hypertensive, despite conventional oral antihypertensive therapy in eight. 
Maternal blood pressure, heart rate, platelet activation, uterine artery, and fetal Doppier indices were 
measured during the infusion. RESULTS: A dose-dependent reduction in mean arterial pressure from 
125 mmHg (95% confidence interval [CI] 117-133) to 103.5 (95% CI 97-111) (P < .005) and an 
increase in pulse rate from 73.7 beats per minute (95% CI 64.3-84.5) to 89.1 (95% CI 81.2-97.8) (P < 
y-vi ■ .02) was observed during the infusion. Mean uterine artery resistance index fell from 0.76 (95% CI 
1 0.73-0.81) to 0,70 (95% CI 0.65-0.75) (P < .009). Platelet activation measured by P-selectin 
4 "expression was reduced from 3.02% (95% CI 2.09-4.36) to 1.22% (95% CI 0.94-1.58) (P < .01). Fetal 
Doppier indices (umbilical artery, middle cerebral artery, and thoracic aorta) showed no significant 
changes during the infusion, CONCLUSION: S-nitrosoglutathione infusion reduced material mean 
arterial pressure, platelet activation, and uterine artery resistance without further compromising fetal 
Doppier indices. This study suggests that platelet-specific nitric oxide donors may prove beneficial in 
the management of severe preeclampsia. 

2. Mollov J. Martin JF. Baskerville PA. Fraser SC. Markus HS. S-nitrosoglutathione reduces the rate of 

embolization in humans. Circulation. 98: 1372-5 1998. BACKGROUND: Antiplatelet agents presently 
used in the secondary prevention of cardiovascular disease fail to prevent the majority of cases of 
recurrent stroke and systemic embolization. An evaluation of the efficacy of new agents is hampered 
by a lack of in vivo models in humans. Asymptomatic cerebral embolic signals (ES) may be detected 
with the use of transcranial Doppier ultrasonography. These signals are particularly common after 
carotid endarterectomy, and this provides a situation in which new antiplatelet agents can be 
evaluated. With this model, we determined the effectiveness of S-nitrosoglutathione (GSNO), a nitric 
oxide donor with relative platelet specificity, in reducing cerebral embolization. METHODS and 
RESULTS; Transcranial Doppier ultrasound recordings from the ipsilateral middle cerebral artery were 
made after carotid endarterectomy in 12 control patients and 12 patients receiving intravenous GSNO 
from the induction of anesthesia until 2 hours after skin closure. Recording times were 0.5 to 3.5, 6 to 
7, and 24 to 25 hours after skin closure. The Doppier signal was recorded onto tape, and analysis for 
ES was performed, with the investigators blinded to treatment group. All patients received aspirin 300 
mg/d before surgery and 5000 IU of heparin during surgery. The median (range) number of ES 
detected during the initial 3-hour postoperative recording was markedly reduced in the GSNO group 
compared with the control group; 7,5 (0 to 61) versus 38.5 (1 to 219) (P=0.018), This difference 
persisted until 6 hours after surgery. CONCLUSIONS: Despite the administration of aspirin and 
heparin, frequent embolization occurred and was markedly reduced after the administration of GSNO. 
This demonstrates the potential use of platelet-specific nitric oxide donors in the treatment of 
thromboembolic disease. This model of cerebral embolism may allow determination of the 
effectiveness of new antiplatelet agents in humans. 

3. Kuo YR, Wang FS. Jeno SF, Lutz BS, Huang HO Yang KD. Nitrosoglutathione improves blood perfusion 
and flap survival by suppressing iNOS but protecting eNOS expression in the flao vessels after 
ischemia/reperfusion injury. Surgery. 135:437-46. 2004. BACKGROUND: The effects of nitric oxide 




Eg 
z 

X 
UJ 



(NO) on the microcirculation and free tissue survival remain controversial. With the use of a rat inferior 
epigastric artery flap as an ischemia/reperfusion injury (l/R) model, we investigated whether 
exogenous NO donation regulates endogenous NO synthase (NOS) expression in the flap vessels and 
promotes flap survival. METHODS: Thirty minutes before flap reperfusion, normal saline (1 ml), 
nitrosoglutathione (GSNO 0.2, 0.6, 3 mg/kg), or N(G)-nitro-L-arginine-methyl ester (L-NAME, 450 
mg/kg), was injected intravenously into 20 rats. Total plasma NOx (NO(2)-/NO(3)-) was measured to 
reflect NO production. Immunohistochemical staining was investigated for the endothelin-1 (ET-1) and 
NOS isoforms expression on the flap vessels. NOS isoforms expression was evaluated by Western 



blot. Laser-Doppler flowmetry monitored flap perfusion. Survival areas were assessed by gross 
examination at 7 days postoperatively. RESULTS: Flap ischemia at 12 hours followed by reperfusion 
resulted in endothelial cell damage, as demonstrated by induction of iNOS and ET-1 expression in the 
flap vessels. An optimal dose of nitrosoglutathione (0.6 mg GSNO/kg) significantly increased plasma 
NOx levels (P~ 027) and improved flap perfusion by laser Doppler measurement (P= 014), and 
increased the flap viability area (P<.001). Additionally, it selectively suppressed iNOS induction, but 
enhanced eNOS expression and decreased ET-1 deposition in the flap vessels. In contrast, an NOS 
inhibitor, N(G)-nrtro-L-arginine methyl ester, inhibited both iNOS and eNOS expression in the flap 
vessels, decreased endogenous NOx production, and compromised flap viability. CONCLUSION: This 
study indicates that intravenous administration of exogenous GSNO can appropriately donate NO to 
suppress iNOS induction and enhance eNOS expression in pedicle vessels, resulting in better blood 
perfusion and a higher flap survival after l/R injury. 
Snyder AH, McPherso n ME. Hunt JF, Johnson M. Stamler JS, Gaston B. Acute effects of aerosolized S- 
nitrosoglutathione in cvstic fibrosis. Am J Resoir Crit Care Med. 165:922-6 2002. S-nitrosoglutathione 
(GSNO), a naturally occurring constituent of airway lining fluid, enhances ciliary motility, relaxes airway 
smooth muscle, inhibits airway epithelial amiloride-sensitive sodium transport, and prevents pathogen 
replication. Remarkably, airway levels of GSNO are low in patients with cystic fibrosis (CF). We 
hypothesized that replacement of airway GSNO would improve gas exchange in CF. In a double-blind, 
placebo controlled study, we administered 0,05 ml/kg of 10 mM GSNO or phosphate buffered saline 
by aerosol to patients with CF and followed oxygen saturation, spirometry, respiratory rate, blood 
pressure, heart rate, and expired nitric oxide (NO). Nine patients received GSNO and 1 1 placebo: 
GSNO inhalation was associated with a modest but sustained increase in oxygen saturation at all time 
points. Expired NO increased in the low ppb range with GSNO treatment, peaking at 5 minutes but 
remaining above baseline at 30 minutes. There were no adverse effects. We conclude that GSNO is 
well tolerated in patients with CF and improves oxygenation through a mechanism that may be 
independent of free NO. Further, GSNO breakdown increases expired NO. We suggest that therapy 
aimed at restoring endogenous GSNO levels in the CF airway may merit study. 
Rassaf T, Kleinbonaard P. PreikM. Dejam A. Gharini P. Lauer T. Erckenbrecht J. Duschin A. Schulz R. 
Heusch G. Fe elisch M. Kelm M. Plasma nitrosothiols contribute to the systemic vasodilator effects of 
intravenously ap plied NO: experimental and clinical Study on the fate of NO in human blood, Circ 
Res.91:47 0-7 2002. Higher doses of inhaled NO exert effects beyond the pulmonary circulation. How 
such extrapulmonary effects can be reconciled with the presumed short half-life of NO in the blood is 
unclear. Whereas erythrocytes have been suggested to participate in NO transport, the exact role of 
plasma in NO delivery in humans is not clear. Therefore, we investigated potential routes of NO 
decomposition and transport in human plasma. NO consumption in plasma was accompanied by a 
concentration-dependent increase in nitrite and S-nitrosothiols (RSNOs), with no apparent saturation 
limit up to 200 micro mol/L. The presence of red blood cells reduced the formation of plasma RSNOs. 
Intravenous infusion of 30 micro mol/min NO in healthy volunteers increased plasma levels of RSNOs 
and induced systemic hemodynamic effects at the level of both conduit and resistance vessels, as 
reflected by dilator responses in the brachial artery and forearm microvascular re. Intravenous 
application of S-nitrosoglutathione, a potential carrier of bioactive NO, mimicked the vascular effects of 
NO, whereas nitrite and nitrate were inactive. Changes in plasma nitrosothiols were correlated with 
vasodilator effects after intravenous application of S-nitrosoglutathione and NO. These findings 
demonstrate that in humans the pharmacological delivery of NO solutions results in the transport and 
delivery of NO as RSNOs along the vascular tree. 
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compared; therefore, data were analyzed separately for HbS and HbAA genetic backgrounds, High-ILtO 

— * — ~v^w~< i — , rr in - — — «-» J with a lower risk for parasite 

genotype but not in children 



genotype compared with low-ELlO genotype was significantly associated with a lower risk for parasitemia 
(RR87, 95% CL78-,96, p <0.05) among children with normal Hb (HbAA) genotype but not in childre. 
with HbS genotype High-ILIO genotype was associated with a reduced risk (KR.67, 95% CI.45-L01, 





p=7*053) for malaria anemia as compared with low-ILlO genotype irrespective of HbS status- These 
findings suggest that high-ILTO genotype protects against P. falciparum infection in children with normal 
-HbAA genotype and protects against malaria-associated anemia in children with both HbS and HbAA 

514 ™^^OTYPE QF T QELU5 THAT jqjNcno^j ^ THH PATHOGENESIS OF / 

©^ERIMENTAL CEREBRAL MALAjRIA. Yanez DM, LaHeur G, Loveland LM, Weidan*/ ' 
Depa^rtmerit of Medical Microbiology and Immunology^ University of Wisconsin Medical ' 
UW-Madison, Madison, WI- " ffrf 

Our observation that CD8+ T cells, in addition to other lymphocyte populations are essenfcL^— . 
pathogenesis of experimental cerebral malaria (CM) led us to examine their activation status and 
Qostimulatorry x^quirements during Plasmodium berghei ANKA (PbA) infection. Cytofluorimebic analysis 
revealed that CDS* T cells isolated from .the brains of mice dying with CM were increased in both size 
and granularity and expressed CD44 W h and CD69+ surface markers, indicating that that these cells were 
activated. Because CD2S and CD40L (CD154) are costbrndatmy molecules that function in the activation, 
proliferation, and prolonged survival of T cells, we examined the requirements for these molecules in the 
P^™^^*!^ CM by using gene-targeted knock-out (KO) mice* When KO mice deficient in either 
—r^^^Px 28 were ^fected with PbA, only mice lacking CD40L railed to develop disease suggesting 
that CD40L, but not CD28 plavs an essential roic in CM, Although CD28 is involved in T cells activation, 
T cells may be activated by other co-stimulatory molecules (e.g. CD40) in CD2S-deficient mice because 
these mice developed CM, The necessity for CD40L in the generation of CM may reflect its necessary role 
m the generation of appropriate Thl and CTL responses. Many activated CD8+ T cells in brains from 
CM-positive mice utiGzed Vp 8.1, 2+. Results of antibody depletion studies by others indicate that Vp 8.1, 
2 r I cells mediate CM pathogenesis, our data suggests further that these activated Vp 8.1, 2 + CD8+ T 
^^^y function m the brain to cause CM pathology. Moreover, cerebral CD8+ T cells stained 0044^ 
and CD fi?l thus exhibiting the phenotype of a distinct population of pathogenic T cells that infiltrate 
the brain during certain iriflammatory and autoirrimune diseases- CoUecttvely, these data suggest the 
presence of a potentially pathogenic CD8+ T cell subset in the brains of mice with FbA-induced C M. _ 



HIGHER RATIO OF PLASMA TNPiMONONUCLEAR CELL NITRIC OXIDE SYNTHASE (NOS) 
ACTIVITY IN ACUTE VTVAX V5 FALCIPARUM MALARIA: A CORRELATE OF THE LOWER 
FEVER THRESHOLD IN PLASMODIUM VlVAX INFECTION? Anstey NH Tjitra E, Maniboey H, 
Misukonis MA. Solihin A, Baird JK, Fryauff, D, Hobbs M, Granger DL, Weinberg JB. International 
Health Unit, Menzies School of Health Research, Darwin, NT, Australia; National Institute of 
Health Research and Development Ministry of Health, Jakarta, Indonesia; Menzies School of 
Health Research, Jayapura, Papua, Indonesia; Division of Hematology-Oncology, Duke University 
and VA Medical Centers, Durham, NC; US NAMRU-2, Jakarta, Indonesia; Division of Infectious 
Diseases, University of Utah, UT. 

it has long been noted that infection with Plasmodium vivax causes fever at a lower level of parasitemia 
ttian infection with P. falciparum, TNF is a major mediator of fever in malaria. In contrast Tutric oxide is 
thought to be antipyretic through its ability to downrcgulate fever-inducing cytokines such as TNF. We 
hypothesised that relative to falciparum malaria, mononuclear cell NOS activity would be lower and 
plasma TNF levels higher in symptomatic vivax malaria. In studies in Jayapura, Papua, Indonesia, we 
compared, plasma TNF levels, blood mononuclear cell NOS activity and the TNFrNOS ratio in 58 patients 
witn symptomatk, uncomplicated falciparum malaria and 45 with symptomatic vivax malaria- Although 
psu^temia was higher in falciparum malaria (geometric mean 3760/uI vs 1642/ul), TNF levels were 
ra ster in vivax malaria (geometric mean 1019 pg/ml [95% a 640-1622] vs 612 pg/ml [95% G 394-951]). 
^St^ ^uiruMuclear cell (PHMC) NOS activity (I^arginine to T^txuflme conversion) was 
l^^n J?^ Wer falciparum malaria (geom mean 2081 pmol/mg [95% a 

'^^Sh2a ^S^llF^ [95% a 2212-2794)), with each bemg lower than basal NOS activity found 
hLw^^ / m this area (geometric mean 3209 pmol/mg); The TNFiNOS ratio was significantly 
§5%a^n 1 ^5^°^ C 0 ?* a31 °" SS t 95%a 033-0.99)1 than falciparum malaria (geom. mean 0.25 
•^^^fi- - ^Q^arta.model controlling for parasitemia and ethnic group. Results suggest that 
acute symptomatic infecfeon with P. vivax suppresses mononuclear cell NOS acuViV and induces a TNF 
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fraternal or fetaTp^SSmS^ ^^ohistoche^y - T^T? 6 ",^ 3X14 
mflanunatory proC i ^i?W nente ' mRNA expressionV,?^ ^ to loCalise production to 

was a4> a^S Xwf S P ace " «^NA espSSfof tr^SS* l* 01 ^/ ^th monocyte 
expression did ^m^^^ST^ de ^^V Xt2s Y^Sr ^^S^aW) 
associated with m»MA u i r ?**ana or monocyte counts mv ^ ' . 10 md tymphotactin 
in woznan X ^^ia^^^T^-P^^^^ T&^f ^ ° f were not 

concentx^tions ^TSl^Jwc^T^^ *^p£^1^S£' ^t^ 8 W ^ ^re- 
production was localised 7rT1iLi Wl£h birth weffi^^ *^.^ ltratts - V. . 
wacTOphaees T^r£f~ff to V 3 ** 1 stroma] cells and M7P 7^ <- y i mrnunohistochemistrv, MCP-1 
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=•7000 human een^ ear ^ 111 * e of infectiol w^flL^l Cnptlonal «gulation of 

nmunltv, and ^A^^TTr m "^Wmarion, sieral transdii^J.^u~I . ? rks ' we discovered new 

^^d^ri^s^Ti^ W t WiU P^^d4£^Srh t S^ P t nal innate 
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y wood stage infection. In addition, a global ^S^^ofSSJ^^^ 
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